The paper investigates the problem of tracing the emergence of symbolism in the Homo lineage. We define the symbol via the notions of arbitrary and spatiotemporally displaced reference, and analyze the earliest manifestations of different forms of symbolism: color, figurative, abstract (in the form of codes, other signs, and ritual burials), and (proto)language. Besides symbols themselves, diverse physical and behavioral traits that might constitute a circumstantial evidence for symbolism are scrutinized. Drawing on archaeological and fossil evidence, a plausible time for the emergence of symbol in protolanguage is estimated to be 850 ... 2200 kya.
1. Symbol
Introduction
Symbolism is almost universally viewed as a distinctively (frequently even exclusively) human trait, and one that is fundamental to human language. Owing to the multi-faceted nature of symbol (more of which below), the scarcity of direct evidence of symbolism from Middle and Lower Paleolithic (c. 50 ... 300 and 300 ... 3300 kya, respectively), and the uncertainty of circumstantial evidence from rare fossil and (even rarer) archaeological finds that might imply symbolism, tracing its emergence in the human lineage is a complex task.
Definition
As 'symbol' is a pretheoretic term, it has to be defined from the outset. Two features that are usually, if not implicitly, held to be characteristic of 'symbol' are the arbitrary nature of reference (a non-necessary link between a sign and its meaning) and a used potential for spatiotemporally displaced reference 1 . ArbiAbbreviations: kya -thousand years ago. 1 The above definition of symbol opens the possibility that, in natural communication, symbolism is uniquely human. For example, while bottlenose dolphins' signature whistles are arbitrary, the whistles' natural potential for spatiotemporally displaced reference is not evident, as each dolphin uses its own distinctive signature whistle (Janik, Sayigh, & Wells, 2006) . Although dolphins frequently copy each other signature whistles in the wild, it is not clear whether this qualifies as a reference to third person individuals (which would indicate a used potential for spatiotemporally displaced reference).
trariness is closely related to the number of signs (the more signs the greater the pressure for their arbitrariness). In the form of grammaticalization, the prevailing drift of natural languages towards arbitrariness is evident both on historical and evolutionary scales (Heine & Kuteva, 2007) .
Differently from symbols, 'index' and 'icon' are defined by a necessary and natural link between a sign and its meaning. In icons, the link is based on similarity. In indices, it is based on any other necessary relation (e.g. cause-effect or whole-part relation). In practice, various degrees of iconicity as possible, and symbols (e.g. the Christian cross, or onomatopoetic words like knock, bump, crash) may exhibit iconicity as well (Luuk, 2013) . Equipped with these definitions, one notices that the word 'symbol' gets colloquially used in very different senses. For example, status symbols (e.g. expensive clothes) have not much in common with linguistic symbols (e.g. words). By the above definitions, only the latter are symbols. The former are indices of wealth and, more generally, success. Although the difference might seem minor, it has fundamental implications on the archaeological evidence for symbolism. For example, one cannot infer symbolism (and by extension, language) from personal ornaments, as the most parsimonious interpretation of personal ornaments is that they are status symbols (Sterelny, 2008) .
Ornamental symbolism
As personal ornaments are costly, their are indices of success. This observation is archaeologically supported by the fact that most preserved 2 objects used in Pleistocene pendants (e.g. predator teeth and suitable seashells) are hard to come by. As killing a predator is evolutionarily extremely costly, it is a bona fide indicator of success. Nevertheless, it is exceedingly common to interpret personal ornaments (and to a lesser extent pigment use) as manifestations of symbolism (e.g. Bednarik, 2008b; Chase, 1994; d'Errico et al., 2003; d'Errico & Backwell, 2016; Langley, O'Connor, & Piotto, 2016) . Observe also that personal ornaments do not imply displaced reference, as they bestow status only to their wearers. Thus, personal ornaments per se are not indicators of symbolism (and, by extension, language). Of course, an indexical function does not preclude a symbolic one (and objects can be clearly symbolic as well -we will see some examples below) but non-symbolism should be the null hypothesis for objects with an indexical function.
However, even non-symbolic objects may belong to a behavioral pattern, some other parts of which are indicative of symbolism. For example, a procurement and processing of beads, pendants or colorants for using them in body or garment ornamentation puts up a much stronger case for symbolism than the (processed) objects themselves. The evidence gets stronger if the nearest source for the objects lies at least several kilometres from the place they were processed and/or applied. Of course, the evidence is circumstantial, but it constitutes a much stronger case for symbolism than when possibly non-symbolic objects are just claimed to be symbols.
Color symbolism
The earliest evidence of colorant processing -ochre on grindstones -is from the Kapthurin formation in Kenya (284 ... 500 kya, Tryon & Faith, 2013) . In general, it is very difficult to rule out all potential utilitarian uses for Middle and Lower Paleolithic colorant finds (medicine, hide preservative, protection from sun and insects, camouflage, startling of prey and conspecifics, the preparation of mastics for hafting, etc. -Barham, 2002; Sterelny, 2008; Wadley, 2001; Wadley, Williamson, & Lombard, 2004) but even where this could be done, there remains the possibility that pigment was used because definitive colors were preferred for aesthetic or cognitive (salience) reasons. Even non-human species differentiate between aesthetic and non-aesthetic stimuli and utilize definitive colors as behavioral cues (Watanabe, 2010) and so do children in their first year (Baldwin, 2006) . While coloring is probably uniquely human, there is nothing inherently symbolic about it. For color symbolism to be present, a non-natural, non-random and nonavailability-specific link between color and object (or color and figure) has to be evidenced. For example, a brown, black or white foot figure on a cave wall is probably color iconism (reference by similarity), one purple foot figure is probably a chance but ten purple foot figures suggest color symbolism (except if purple was one of the few pigments available to the artist and the others were equally non-iconic, e.g. crimson and green). Thus, extremely specific configurations of archeological and geological evidence are required to attest color symbolism.
Figurative symbolism
Figurative symbolism is generally easier to establish. Importantly, as figurative paintings and sculptures are at least partly iconic, representational art per se does not entail symbolism (Luuk, 2013) . Thus, the vast majority of cave paintings and early sculptures (including the Berekhat Ram figurine from 250 kya -d 'Errico et al., 2003) have to be excluded from possible indicators of symbolism. However, some early examples of figurative symbolism remain. For example, the two half-lion/half-man figurines from 31 kya (Conard, 2003) are symbolic, as they exhibit both spatiotemporally displaced and arbitrary reference (spatiotemporally displaced, because a half-lion/half-man has hardly any potential to refer to anything here and now, and arbitrary because the figurines are not representational as wholes). By extension, the figurines are reasonable proxies for language (or at least protolanguage). A similar case could be made about the Hohle Fels fe-male figurine (Conard, 2009) , which, however, would be better analyzed in the following section.
Abstract symbolism
In abstract symbolism, an important distinction is between codes and elementary abstract signs. Only the former can be compositional. The codes may represent calendars, bookkeeping tables, written texts, etc. Another difference is that codes are clearly symbolic (with elementary abstract signs this may not be so clear).
Codes
Very few examples of codes from (Upper) Paleolithic have been found 3 . One of the first examples of complex code appears on the La Marche antler from 16 kya (d 'Errico, 1995) . Simple codes are probably in evidence since at least the Ishango bone from c. 20 kya (Bogoshi, Naidoo, & Webb, 1987; Brooks & Smith, 1987) . No preserved examples of codes from Lower and Middle Paleolithic are known.
Signs
The majority of putative abstract "signs" from Middle and Lower Paleolithic fall into a category of 'abstract art' for which doodling is a more parsimonious explanation than symbolism (Bednarik, 1995a; Halverson, 1995) . For example, Bednarik's (1995a) paper on concept-mediated marking in Lower Paleolithic makes no allegations as to the symbolicity or even intentionality of the markings. The markings that he analyzed were abstract, and some of them were very similar to those Middle Paleolithic markings found on bone and ochre pieces from Blombos Cave that are claimed to be "irrefutable evidence of symbolic behavior" (d 'Errico et al., 2003, p. 4) . The claim relies, of course, on a pretheoretic notion of symbol. However, some early examples of abstract symbolism remain.
Markings on the above-mentioned ivory female figurine from Hohle Fels, Germany, dated to the Aurignacian 35 kya, have been interpreted as ideograms representing the Upper Paleolithic Double Goddess (Harrod, 2011) . While the interpretation may seem dubious, the distorted and geometrically decorated figurine is very likely symbolic.
An impressive collection of abstract signs have been discovered in Chauvet cave in France (Petzinger & Nowell, 2014) , the earliest of which are dated to 35 ... 38.5 kya (early Upper Paleolithic). The number (17) of distinctive non-figurative signs at Chauvet is striking. However, by being scattered spatially (and likely also temporally), they do not form a code any more than other abstract art styles do. Nevertheless, the signs' abstract (albeit half-iconic -cruciform, reniform, negative and positive hand, etc.) nature more or less qualifies them as symbols, even though one has no idea what they stood for.
Crossing over to Middle Paleolithic, a tradition of engraving ostrich egg shells, dated to 60 kya, has been discovered in South Africa (Texier et al., 2010) . The fixed, abstract and persistent nature of the engravings qualifies them as symbols of (at least) group identity. No doubt to the late engravers the hatched band motive they reproduced for millenia seemed rather pregiven than 'arbitrary' (in another but a related meaning of the word). In addition, for those who started the tradition, the engravings may have been iconic (e.g. of a spun rope). However, the tradition's length ensures that they became abstract, symbolic and arbitrary (in the definitive meaning).
In general, cupules are better candidates for symbols than other forms of 'abstract art' because their manufacture is labor intensive, which rules out doodling as well as coincidental configurations of cut marks (Bednarik, 1995b (Bednarik, , 2008a (Bednarik, , 2008b . At the same time, it is plausible that some cupules (at least those on horizontal surfaces) were used as containers or were unintentional byproducts of other functional activities (e.g. grinding). Although a functional role does not preclude a symbolic use, it makes cupules' status as an evidence of symbolism ambiguous. Nevertheless, cupules are seemingly a later addition to hominins' behavioral repertoire than personal ornaments (at least 150 and 300 kya, respectively -Bednarik, 2008a, 2008b).
Burials
Although emotional attachment is a more parsimonious explanation for burials than symbolism (Sterelny, 2008) , grave goods, structures and their configurations can point to symbolism as well. A Neanderthal burial site, La Ferrassie, dated to 65-70 kya, suggests a possible symbolic activity (Zilhão et al., 2010; Bednarik, 1995a Bednarik, , 2008a . The find that was perhaps the most implicative of symbolism in La Ferrassie was a limestone slab with 18 cupules (16 of which were arranged in pairs), covering a child's corpse (Bednarik, 2008a , citing Peyroni, 1934 . The earliest modern human burial, dated to 74 kya, has been recently excavated in Border Cave in South Africa. The burial was associated with personal ornaments (perforated Conus shells -d 'Errico & Backwell, 2016) .
Language
By far the oldest evidence for symbolism we have is circumstantial and, ironically, it is an evidence for language, the most elusive form of symbolism archaeologically. But first, some qualifications. We are interested in the time the language evolved. By "language" we mean (proto)language, i.e. a language which could be a protolanguage. A rough definition of protolanguage would be "a human language with a nonmodern syntax". A precise one could be "a human language without cases and adpositions". The function of cases and adpositions is to mark arguments of the head of the sentence. The sentence is a precondition of any syntax, modern or nonmodern. In modern languages, the head of the sentence is usually a finite verb or flexible 4 . As no modern languages without cases or adpositions are attested 5 , they are a suitable dividing line. By the "time language evolved" we mean the time it emerged. Johanssen (2005) constrained this time to between 500 and 5000 kya, which is the necessary period the language had to emerge. We are interested in refining it, i.e. in a both necessary and plausible (with more than 0.5 probability) timeline of the evolution of language.
Evidence from colonization
It is well known that Homo erectus 6 crossed at least 19 km of open sea to colonize Flores c. 850 kya or earlier (Gibbons, 1998a; Morwood, O'Sullivan, Aziz, & Raza, 1998) . It has been (plausibly) argued that watercraft manufacture and navigation entail a level of communication that would be unattainable without a (proto)language. Although rafting on flotsam is a possibility (Gibbons, 1998a) , it is not a likely one, given H. erectus's ability to manufacture mode 2 tools and successful colonization of much of the Old World (from Africa and Western Europe to Java, China and, possibly, Central Siberia -Ascenzi, Benvenuti, & Segre, 1997; Asfaw et al., 2002; Bar-Yosef & Belfer-Cohen, 2001; Gibbons, 1998b; Larick et al., 2001; Waters, Forman, & Pierson, 1997) .
For taphonomic reasons, a direct evidence of symbolic activity in so distant times would be a find of centuries. Likewise, the colonization of the southern arc by modern humans much later (likely 65 ... 90 kya - Clarkson et al., 2017) provides clear evidence of symbolic conceptualization but very few symbols before the colonizers arrived in Australia (Balme, Davidson, McDonald, Stern, & Veth, 2009) . Even more surprisingly, there is a higher proportion of sites with symbols early in Australia's colonization rather than later (Balme et al., 2009 ).
Anatomical evidence
As compared to other extinct hominids, medium and late H. erectus (less than 1600 kya) had an increase in thoracic innervation, similar to that of modern humans and H. Neanderthalis (MacLarnon & Hewitt, 1999; Meyer, Lordkipanidze, & Vekua, 2006) . The authors associate it with an enhanced breathing control, which most likely evolved to facilitate speech (MacLarnon & Hewitt, 1999) . Fitch (2000) notes that it is difficult to know whether increased respiratory control directly involved speech, or evolved for other reasons (e.g. prolonged running or swimming), and provided only a necessary preadaptation to speech. There is another aspect to this argument. By "speech" is meant modern speech, but no-one assumes that H. erectus was capable of that. By definition, a more modest range of vocalization that could support protolanguage would have been sufficient for its production.
An anatomical difference that allows humans to produce a wider range of formant patterns than other mammals is a lowered larynx (Lieberman, Klatt, & Wilson, 1969) . Lieberman (1987) suggests that the lowering of larynx started with H. erectus 7 . Since the decent of larynx has an evolutionary cost (vulnerability to choking -Fitch, 2000) , there must have been a selective pressure for the descent. In addition, to bestow a phonetic advantage, larynx must be significantly lower than its position in extant nonhuman apes (Fitch, 2000) . At least two adaptive scenarios explain the presumably gradual descent of the larynx in Homo: facilitating mouth breathing during extreme physical challenge (Lieberman, 1987) and displays of exaggerated power 8 to intimidate enemies and competitors and attract potential mates (Ohala, 1984) . Both scenarios might result in the descent of larynx as a preadaptation to speech.
Conclusion
Three independent and converging pieces of evidence (1, 2, 3):
1. H. erectus' colonization of Flores and much of the other Old World (Gibbons, 1998a; Morwood et al., 1998; Ascenzi et al., 1997; Asfaw et al., 2002; Bar-Yosef & Belfer-Cohen, 2001; Gibbons, 1998b; Larick et al., 2001 ; Waters et al., 1997), 2. H. erectus' enhanced respiratory control (MacLarnon & Hewitt, 1999; Meyer et al., 2006) , 3. A lowering of larynx in H. erectus (Lieberman, 1987), 4. An enhanced capacity for vocalizations in H. erectus (2, 3),
5. An enhanced capacity for vocal communication in H. erectus (4), point to some kind of language in H. erectus prior to its colonization of Flores. Of course, the evidence is circumstantial but this is always the case in language evolution -the earliest direct evidence for language (an inscription on a wooden tablet - Whitley, 2003) is from less than 10 kya.
As Homo habilis, the first known Homo species (with the earliest occurrence c. 2300 kya - Spoor et al., 2007) , was not scrutinized by MacLarnon and Hewitt (1999) , it is possible that this species, too, was capable of enhanced vocalizations. According to Tobias (1998) , evidence from endocranial casts suggests that H. habilis was a "speaker"
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. When combined, the archaeological and anatomical evidence indicate that H. erectus (possibly even starting from H. habilis) used some kind of (proto)language, the emergence of which could be tentatively bracketed between 850 and 2200 kya. At present, this constitutes the earliest plausible evidence of symbolism. As mentioned above, the time when language evolved was previously constrained to 500 ... 5000 kya (Johansson, 2006) .
Conclusion
In this paper we have (1) defined the symbol, (2) analyzed some possible proxies of symbolism, and (3) reconstructed a plausible timeline for the emergence of symbol (viz., in protolanguage) by drawing on relevant fossil and archaeological evidence. We have bracketed the plausible time of the emergence of symbol to 850 ... 2200 kya. Symbol is defined by its two distinctive features: (a) an arbitrary nature (a non-necessary link between a sign and its meaning), and (b) a used potential for spatiotemporally displaced reference. The traits we have analyzed include behavioral patterns (e.g. coloring and engraving traditions associated with procurement and processing of materials, watercraft manufacture and navigation, ritual burials associated with personal ornaments, etc.) and anatomical features like thoracic innervation and the position of larynx. To a different degree, all these features can be viewed as proxies for symbolism. Without a doubt, an engraving tradition makes a much better proxy for symbolism than an extinct species' (possibly) lowered larynx, but it is also a much more recent one (on the order of 100 and 1000 kya, respectively). For taphonomic reasons, fossil evidence dominates the >500 kya era over the archaeological, thus being the main window to the behavioral capacities of the hominids of the period.
